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VOLATILE SUBSTANCE EVAPORATOR
WITH SUBSTANCE END-OF-LIFE
DETECTOR

OBIJECT OF THE INVENTION

[0001] The present invention generally relates to volatile
substance evaporators having a container with a wick, and has
the object of providing an effective technique for detecting
end-of-life of the volatile substance housed within the con-
tainer.

BACKGROUND OF THE INVENTION

[0002] In volatile substance diffuser devices with wick,
there is a need to allow the user to easily detect end-of-life of
the volatile substance and therefore perceive the need to
replace the container of the substance with a new one. These
devices are generally plugged into out-of-sight household
power outlets, due to which the level of liquid remaining in
the container is not easily seen at first sight.
[0003] There are several solutions for converting end-of-
life into an electric indicator that can then imply some type of
alert to the user. These systems are based on the measurement
of'a change in physical properties, such as electrical conduc-
tivity, dielectric capacity, weight, temperature or light inter-
action.
[0004] With regard to the light interaction-based liquid
detection systems, we can differentiate between detection
systems for detecting liquid at the bottom of the container or
inside the wick.
[0005] Detection systems for detecting liquid at the bottom
of'the container, for example, by means of light transmission,
have the following drawbacks:

[0006] High degree of dispersion due to the lack of geo-

metric accuracy of the bottles generally used.

[0007] Influence of external conditions (sunlight, reflec-
tions, . . . ).
[0008] End-of-life is detected when there is still liquid

inside the wick and due to which evaporation of the
formulation still occurs.
[0009] On the other hand, there are systems based on light
transmission or refraction through the upper part of the wick.
However, these systems require the wick to be transparent to
light or that, in the presence of liquid inside the wick, a
sufficient amount of light can be refracted through the cavities
of the wick and reach the sensor.
[0010] These systems have the following drawbacks:
[0011] Need to adjust the position of the light emitter/
sensor based on the refractive index of the fragrance.
[0012] Influence of external conditions (sunlight, reflec-
tions, . . . ).
[0013] U.S. Pat. No. 7,164,849 describes a device wherein
the vaporisable liquid includes an IR-absorbing material.
When there is sufficient vaporisable material in the container,
the infrared light emitted cannot be reflected by the material
towards the IR sensor. The infrared light is absorbed by the
vaporisable material in such a manner that the IR sensor does
not detect the IR light. When the IR sensor detects IR light the
alarm is activated.
[0014] In North American patent application US
2006019962 Al, the light emitter and receptor may be dis-
posed in any position of the diffuser around the wick and
provided that the emitter and receptor are aligned facing each
other. When the container is full or contains a certain amount
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ofliquid, the wick absorbs the liquid. In this case, when there
is liquid remaining in the container and the wick is wet, the
light emitted by the emitter is refracted through the saturated
porous wick, allowing the light to be detected by the sensor.
[0015] The refractive index of the liquid and the wick mate-
rial determine the amount of light emitted by the emitter that
is detected by the receptor. For example, as the refractive
index of water is very low, the light emitted by the emitter is
not refracted through the wick. Therefore, the refractive index
of'the liquid must be sufficiently high so as to refract the light
through the wick and ensure that the light will be detected by
the sensor.

[0016] In an alternative option, the emitter and light detec-
tor may be disposed on the container. One is disposed on the
upper part and the other on the lower part of the container.
When the container is empty, the light may pass through it.
However, when there is liquid the light is refracted or
reflected and does not reach the sensor.

[0017] In another option, the emitter and receptor are dis-
posed around the container but not aligned. When there is
liquid the light is scattered through the container and reaches
the receptor, but when there is no liquid the light travels in a
straight line and does not reach the receptor. It detects when
the container is completely empty or almost empty, depend-
ing on the position of the sensor.

[0018] The drawbacks of these systems are the following:

[0019] Light transmission through the wick is not very
efficient and requires a high-sensitivity sensor.

[0020] In order for light transmission to be sufficiently
efficient, specific wick characteristics are required (pore
size, pore percentage, . . . ).

[0021] Possible interference by ambient light.

[0022] The light emitter and sensor must be aligned fac-
ing each other, which entails technical difficulties for
reducing position tolerances.

[0023] On the other hand, international application
WO02007/138247 describes an end-of-life detection system
based on two methods:

[0024] Use of light refraction through the glass con-
tainer.
[0025] Use of total internal reflection (combination of

refraction and reflection).
[0026] The light source is adapted to direct IR or visible
light towards the container at an angle that is substantially
within or between:
[0027] a) a critical angle of incidence for an interphase
between the liquid and the container; and
[0028] D) a critical angle of incidence due to an inter-
phase between the air and the container.
[0029] The critical angle is preferably a critical angle for
total internal reflection. The sensor is disposed in such a
manner as to receive light from the emitting source that has
entered the container and has been reflected in the interphase
between the container and the air inside the container. Or, to
receive light from the light source that has entered the con-
tainer and has been refracted in the interphase between the
container and the air. The sensor must be disposed in relation
to the light source in such a manner that the liquid of the
container is present at detection level. The emitter and detec-
tor must be in the line of sight.
[0030] The drawbacks of this system are the following:
[0031] It requires an adequate positioning of the emitter
so that the light enters the container at certain angles.
[0032] The container must be made of glass. The emitter/
receptor system depends on the thickness and purity of
the glass.
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[0033] The container and emitter/receptor system must
be designed in such a manner that the wick does not
interfere with the light path.

[0034] In the total internal reflection method there will
always be fragrance remaining in the container and an
additional end-of-life indication system is required
(timer, . . . ).

DESCRIPTION OF THE INVENTION

[0035] The present invention relates to a volatile substance
evaporator device having means to detect end-of-life of the
substance to be evaporated. The evaporator is configured for
coupling to, and maintaining in a stable position, a container
with a volatile substance having a porous wick partially
immersed in the substance container and with an upper end
emerging from the container.

[0036] By wick we understand any type of adequate capil-
lary medium for correctly transporting liquid from the con-
tainer to the evaporation zone. Ceramic or fibre wicks having
cylindrical geometry are the most common embodiments.
But the wick may also have a flat geometry. Even capillary
channels machined into the wall of a non-porous solid support
are susceptible to being used as wicks in the present inven-
tion.

[0037] The evaporator comprises an infrared light and
emitter and receptor, where the emitter is disposed so as to
emit a beam of light on the end or upper part of the wick, and
the receptor is disposed so as to capture said beam of light
reflected by the upper part of the wick. Detection therefore
occurs through the reflection of abeam of IR light on the outer
surface of the upper portion of the wick.

[0038] The device is coupled to the aforementioned con-
tainer of volatile substances equipped with the porous wick.
The volatile substance housed in the container includes an
additive or mixture of infrared (IR ) light-absorbing additives,
as a component of the formulation of a volatile solution to be
evaporated in an evaporating device.

[0039] The solution with the IR absorber soaks the wick up
to the upper part thereof, where it receives a beam of IR light
from the emitter which is reflected on the wick if dry or
absorbed by the wick if soaked with the absorbing liquid. The
presence or absence of a reflected beam is detected by an IR
sensor adequately disposed so as to receive the reflected
beam.

[0040] A pigment or combination of pigments that allow
the minimisation of the IR light within the range 0of 800 nm to
2000 nm (near IR) is preferably used. Likewise, it is adequate
to minimise the absorption of the visible light of the absorbing
pigment within the range 0of 450 nm to 800 nm. The IR emitter
is selected so as to produce maximum emission in the wave-
length where the absorptivity of the IR-absorbing additive is
maximum. The wavelength range is preferably between 800
nm and 1500 nm. Additionally, the angle of view of the IR
emitter must be equal to or less than 40° in order to avoid false
detection.

DESCRIPTION OF THE DRAWINGS

[0041] For the purpose of complementing this description
and helping to better understand the characteristics of the
invention, in accordance with a preferred example of practical
embodiment thereof, a set of drawings has been included as
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an integral part of this description, wherein the following
figures have been represented in an illustrative and non-limi-
tative manner.

[0042] FIG. 1 shows in an uncoupled position: the con-
tainer with wick, the infrared emitter/receptor and part of the
evaporator. Figure (a) is a side view, figure (b) is a front view
and figure (c) is a perspective view;

[0043] FIG. 2 shows a similar representation to the preced-
ing figure, where the container with wick, the infrared emit-
ter/receptor and part of the evaporator are coupled together in
the normal use position. Figure (a) is a perspective view,
figure (b) is a front view, figure (¢) is a side view and figure (d)
is a sectional side view; and

[0044] FIG. 3 shows an upper plan view of a preferred
embodiment of the invention wherein the emitter and receptor
are within the same plane at an angle to each other.

PREFERRED EMBODIMENT OF THE
INVENTION

[0045] FIG. 1 represents a container (1) conventionally
equipped with a porous wick (2) having alower end (9) within
the container and immersed in the liquid to be evaporated
(10). An upper end (8) of the wick (2) emerges from the
container to allow the diffusion of the volatised substance into
the air.

[0046] For the purpose of simplifying the figures, we have
represented a single component of the evaporator (6), con-
sisting of a casing that houses heating means (7) (traditionally
a PTC resistor) and having a cavity (12) within which the
upper end (8) of the wick is positioned when the evaporator
and container are coupled together. This same component of
the evaporator (6) also houses means for detecting the pres-
ence of a volatile substance (3), consisting of an infrared
emitter (4) and an infrared receptor (5).

[0047] As it is already known in the state of the art, the
evaporator and container are configured to remain coupled
together, for example threaded, during normal use of the
device, maintaining the wick in a stable position. In this
preferred embodiment, and as can be observed especially in
FIG. 2(d), the upper end (8) of the wick is housed within the
cavity (12) and is disposed, on one side, next to the heating
means (7) and, on the other, to the detection means.

[0048] The emitter and receptor (4, 5) overlap each other at
a certain distance and in such a manner as to face each other
on the same side of the upper end of the wick. During use of
the device and in the presence of a volatile substance, the total
wick volume becomes fully impregnated with said substance,
which contains a fraction of pigment or combination of IR-
absorbing pigments.

[0049] The emitter (4) continuously emits a beam of infra-
red light that incides on the outer surface of the upper part (8)
of'the wick. Alternatively, said beam of infrared light is emit-
ted by pulses with the object of lengthening the useful life of
the emitter and receptor.

[0050] Saidbeam isabsorbed by the IR-absorbing pigment,
due to which it is not reflected and does not reach the IR
receptor. However, when all or most of the volatile substance
in the upper part of the wick has been consumed, the beam of
infrared light is reflected on the upper part of the wick and
reaches the receptor (5) that detects the presence of the beam
of IR light, indicating end-of-life of the volatile substance.
[0051] The IR receptor typically consists of an IR-sensitive
phototransistor that may be used in the manner known to a
person skilled in the art, to activate a indicator element (not
represented), such as for example a LED or an acoustic indi-
cator that alerts the user on substance end-of-life.
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[0052] The emitter and receptor form an adequate angle in
order to guarantee correct detection, and are very close to the
outer wick surface.

[0053] The IR light emitter and receptor are disposed in
such a manner that their axes are parallel and in turn perpen-
dicular to each other with respect to the longitudinal axis of
the wick, as shown in FIG. 2.

[0054] In another example of embodiment represented in
FIG. 3, the axes of the emitter and receptor form an angle
between each other in such a manner that the receptor cap-
tures the IR light reflected on the wick.

[0055] These arrangements of the emitter and receptor with
respect to the wick allow the detection to occur through the
reflection of the IR light beam instead of refraction or trans-
mission, as in the techniques known in the state of the art. In
this manner, the aforementioned drawbacks of the known
systems are avoided.

[0056] In a preferred embodiment of the invention, the
liquid contained inside the bottle is biphasic in nature and is
composed of an aqueous phase (water) and an organic phase
(fragrance). The IR-absorbing additive may be integrated in
the aqueous phase or organic phase. The aqueous phase
reaches the wick only when the organic phase (fragrance,
insecticide, . . . ) is depleted. Therefore, when the IR-absorb-
ing additive is in the aqueous phase, while there is still organic
phase in the wick the beam of IR light is reflected by the wick.
When the organic phase becomes depleted, the aqueous lig-
uid can reach the upper part and absorb the IR light. In this
case, detection of substance end-of-life occurs when the IR
receptor no longer detects the presence of the beam of IR light
in the receptor.

[0057] In the opposite case, i.e. when the IR-absorbing
additive is in the organic phase, detection of end-of-life of the
organic phase occurs when the aqueous phase reaches the
upper part of the wick and reflects the IR light, the reflection
of which reaches the receptor.

[0058] Preferably, the evaporator has a surface with known
IR-absorbing/reflecting properties (11) disposed diametri-
cally opposite to said emitter and receptor (4, 5). The upper
part of the wick (8) is interposed between said surface (11)
and the emitter and receptor, as shown in FIG. 2(d). There-
fore, the specific location of the emitter and receptor provides
the additional advantage that the absence of a container
coupled to the device can be detected and therefore the user
can be alerted of said circumstance.

[0059] In the case of embodiments where end-of-life is
detected by the non-reflection of infrared light, the surface
(11) will be made of a non-IR light reflecting material. Under
such circumstances the IR lights incides directly on the sur-
face of an absorbent material (11), in such a manner that the
presence of the reflected beam is not detected by the
adequately disposed IR sensor, which will activate the indi-
cator means.

[0060] Diverse possibilities of practical embodiments of
the invention are described in the attached dependent claims.
[0061] According to this description and set of drawings, a
person skilled in the art will be capable of understanding that
the described embodiments of the invention may be com-
bined in multiple manners within the object of the invention.
The invention has been described according to some pre-
ferred embodiments thereof, but for a person skilled in the art
it will be evident that multiple variations may be introduced in
said preferred embodiments without exceeding the object of
the invention being claimed.
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1. Volatile substance evaporator with substance end-of-life
detector that comprises a container with a volatile substance
having a wick with a lower end housed within said container
and an upper end emerging from the container, wherein the
evaporator also comprises an infrared emitter and receptor to
detect end-of-life of the volatile substance, characterised in
that the infrared light emitter is disposed so as to emit a beam
of light on the upper end of the wick, and the receptor is
disposed so as to capture said beam of light reflected by the
upper end of the wick, and because it has electronic means
associated to said infrared receptor configured to determine
the presence of a volatile substance based on the light or
absence of infrared light in the receptor.

2. BEvaporator, according to claim 1, characterised in that
the container houses a volatile substance having a high infra-
red light-absorbing coefficient.

3. Evaporator, according to claim 1, characterised in that
the container houses a volatile substance that includes an
infrared light-absorbing additive.

4. BEvaporator, according to claim 1, characterised in that
the emitter and receptor axes are substantially parallel to each
other, and perpendicular to the longitudinal wick axis.

5. Evaporator, according to claim 1, characterised in that
the emitter and receptor axes are located on a perpendicular
plane with respect to the longitudinal wick axis, and in such a
manner that the emitter and receptor axes form an adequate
angle between them, in such a manner that the receptor cap-
tures the IR light reflected on the wick.

6. Evaporator, according to claim 1, characterised in that
infrared light is emitted by pulses.

7. Bvaporator, according to claim 1, characterised in that
the volatile substance is biphasic in nature and is composed of
an organic and aqueous phase, and in that the organic phase
includes said infrared-absorbing additive.

8. Evaporator, according to claim 1, characterised in that
the volatile substance is biphasic in nature and is composed of
an organic phase and an aqueous phase, and in that the aque-
ous phase includes said infrared-absorbing additive.

9. Evaporator, according to claim 1, characterised in that
the infrared emitter and receptor are selected in order to work
at a wavelength ranging between 800 nm and 1500 nm.

10. Evaporator, according to claim 1, characterised in that
it has a surface made of an infrared light-reflecting material
facing said emitter and receptor, and in such a manner that the
upper end of the wick is disposed between said reflecting
surface and the emitter and receptor.

11. Evaporator, according to claim 1, characterised in that
it has an indicator element associated to the infrared detector,
in such a manner that the indicator element is activated when
the receptor receives a beam of infrared light reflected by the
wick or by said surface.

12. Evaporator, according to claim 1, characterised in that
it has a surface made of non-infrared light reflecting material
facing said emitter and receptor, and in such a manner that the
upper end of the wick is disposed between said reflecting
surface and the emitter and receptor.

13. Evaporator, according to claim 1, characterised in that
it has an indicator element associated to the infrared detector,
in such a manner that the indicator element becomes activated
when a beam of infrared light reflected by the wick or by said
surface is no longer received by the receptor.
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